How might this impact on clinical practice?
► When possible, considering the costs of the intravenous route, subcutaneous tocilizumab should be the preferred mode of administration.
AbstrAct
Objective to compare the real-word effectiveness of subcutaneous tocilizumab (tcZ-Sc) and intravenous tocilizumab (tcZ-iV) in rheumatoid arthritis (ra).
Methods Patients with ra with tcZ from eight european registries were included. Drug retention was compared using unadjusted Kaplan-Meier and cox models adjusted for baseline patient, disease and treatment characteristics, using a strata term for year of treatment initiation and country of registry. the proportions of patients achieving clinical Disease activity index (cDai) remission and low disease activity (lDa) at 1 year were compared using samples matched on the same covariates and corrected for attrition using lUnDeX.
Results 3448 patients were retrieved, 2414 with tcZ-iV and 1034 with tcZ-Sc. crude median retention was 3.52 years (95% ci 3.22 to 3.85) for tcZ-iV and 2.12 years for tcZ-Sc (95% ci 1.88 to 2.38). in a country-stratified and year of treatment initiation-stratified, covariate-adjusted analysis, hazards of discontinuation were similar between tcZ-Sc and tcZ-iV treated patients (Hr 0.93, 95% ci 0.80 to 1.09). the average adjusted cDai change at 1 year was similar in both groups (−6.08). after matching, with 560 patients in each group, cDai remission corrected for attrition at 1 year was also similar between tcZ-Sc and tcZ-iV (10.4% in tcZ-iV vs 12.8% in tcZ-Sc (difference: 2.4%, bootstrap 95% ci −2.1% to 7.6%)), but cDai lDa was lower in tcZ-iV patients: 41.0% in tcZ-iV versus 49.1% in tcZ-Sc (difference: 8.0 %; bootstrap 95% ci 2.4% to 12.4%).
Conclusion With similar retention and effectiveness, tcZ-Sc is an adequate alternative to tcZ-iV for ra. When possible, considering the costs of the tcZ-iV route, tcZ-Sc should be the preferred mode of administration.
InTROduCTIOn
Rheumatoid arthritis (RA) is a chronic autoimmune joint disease characterised by joint inflammation that may lead to structural damage. Since the development of biologic disease-modifying antirheumatic drugs (bDMARDs), its management and outcome have significantly changed with an important increase in the number of treatments available to achieve the desired target. 1 Tocilizumab (TCZ) is a humanised anti-IL-6 receptor antibody that significantly decreases disease activity and inhibits structural damage, improving the patient's outcome. 2 3 Intravenous TCZ (TCZ-IV) has been licensed in Europe in 2009 for the management of patients with RA refractory to conventional synthetic (cs)DMARDs and tumour necrosis factor inhibitors, followed by the approval of subcutaneous (TCZ-SC) formulation in 2014. 4 The efficacy and safety of TCZ-SC has been studied in different clinical trials. In BREVACTA, TCZ-SC was compared with placebo and had significantly greater efficacy on American College of Rheumatology RMD Open RMD Open RMD Open (ACR) response rates and joint damage inhibition. 5 In the MUSASHI clinical trial, 348 patients were randomised to receive either TCZ-SC or TCZ-IV in a double-blind design. The results showed that TCZ-SC was non-inferior to TCZ-IV in terms of efficacy and adverse events. 6 In SUMMACTA, TCZ-SC was compared with TCZ-IV in 1262 patients with a 1:1 randomisation. 7 At 97 weeks, the proportions of patients achieving ACR 20/50/70 responses and Disease Activity Score 28 (DAS28) remission were comparable in the two treatment arms. 7 However, to our knowledge, the efficacy of these two modes of administration has not been compared in a real-world setting. Thus, the objective of this observational study is to evaluate the effectiveness of TCZ-IV and TCZ-SC in terms of retention and disease activity in patients with RA across eight European registries.
MeTHOds
The TOCERRA collaboration of registries (TOcilizumab Collaboration of European Registries in RA) is an investigator-led project aiming at evaluating clinical aspects of TCZ use in patients with RA, supported by the industry, which has been described elsewhere. 8 9 This study restricted the sample to the registries from the collaboration that contributed both TCZ-IV and TCZ-SC treated patients and thus comprised data from eight countries: Czech Republic (ATTRA), Finland (ROB-FIN), Italy (GISEA), Norway (NOR-DMARD), Portugal ( Reuma. pt), Slovenia ( BioRx. si), Spain (BIOBADASER) and Switzerland (SCQM). All patients starting treatment with TCZ between 1 January 2009 and 15 March 2018 were considered eligible for the present study. Inclusion criteria were diagnosis of RA established by a rheumatologist and baseline information on the mode of delivery.
exposure of interest
The main exposure of interest was the mode of administration of TCZ (subcutaneous vs intravenous). study outcomes Our main outcomes were drug retention and disease activity in terms of Clinical Disease Activity Index (CDAI) following initiation of TCZ. A secondary outcome was the disease activity in terms of DAS28.
Drug retention is supposed to reflect both effectiveness and tolerance of a drug and is reliably assessed in all registries. 10 11 It was defined as the time from the start date of TCZ treatment until the treatment discontinuation date plus 1 month, as we estimated that the treatment was still effective during this time. If treatment had not been discontinued, we censored retention at the date of the last reported follow-up visit.
CDAI and DAS28 were analysed both as a continuous outcome over time and as a measure of remission (CDAI ≤2.8, DAS28 <2.6) or low disease activity (LDA, 2.8<CDAI≤10, 2.6≤DAS28<3.2) at 1 year. [12] [13] [14] [15] Considering the frequency of assessments in most of the registries, shorter evaluations of remission or LDA were not possible. statistical methods Baseline characteristics across delivery mode were compared using χ 2 test for categorical variables and Wilcoxon rank-sum test for continuous variables. We analysed drug retention with Kaplan-Meier and Cox models. In the Cox models, the baseline hazards were allowed to vary by country of registers and year of treatment initiation. A post hoc analysis adjusting instead of stratifying for year of treatment initiation was added to explore its effect. A cluster term was added to account for patients with multiple courses of tocilizumab. Missing covariates were imputed using multiple imputations with chained equations, using 50 samples. CDAI and DAS28 change over time were analysed with mixed-effects models for longitudinal data, with a cubic effect of time, but Spain register was excluded for this analysis because of some key information missing. Because of collinearity between CDAI and DAS28, CRP and ESR, glucocorticoid use and dose, only CDAI, ESR and GC use were used for the models. The frequency of disease remission or LDA under treatment was assessed at 1 year post-treatment start. When no observed values within a 3-month window were available, they were imputed using a quadratic interpolation for each patient. We estimated the proportions of patients reaching remission or LDA by treatment group using proportions and compared them with the χ 2 test. We also corrected for drug discontinuation using the LUNDEX index (index combining the proportion of patients fulfilling specific response criteria with the proportion of patients still adhering to Rheumatoid arthritis Rheumatoid arthritis Rheumatoid arthritis therapy). 16 The advantage of this index is that it integrates clinical response as well as adherence to therapy in a composite value. Thus, it avoids the selection only of patients who are still under treatment, excluding those who stopped for example for ineffectiveness or an adverse event and therefore resulting in a selection bias in favour of responders, which may overestimate drug effectiveness. To compare the LUNDEX between groups while adjusting for covariates, we also matched on a 1:1 basis the TCZ-SC and TCZ-IV population using a propensity score estimated on the same covariates as for the Cox model, except for CDAI, HAQ and ESR that were matched exactly after categorisation, with a calliper width of 0.2 of the pooled SD of the logit of the propensity score. CIs around the differences in LUNDEX-corrected remission or LDA rates were computed using bootstrap with 10 000 bootstrap samples. We did two sensitivity analyses: one taking into account only patients after the introduction in the market of TCZ-SC (2014) and another analysing separately patients depending on whether they switched or not their route of administration (which yielded four groups: TCZ-SC only, TCZ-IV only, TCZ-SC2IV for patients switching from TCZ-SC to TCZ-IV and TCZ-IV2SC for patients switching from TCZ-IV to TCZ-SC). All analyses and tabulations were performed using R V.3.4.2 with the mice, Survival, lme4, lmertest and Matching packages.
Covariates

ResulTs
A total of 3448 patients were retrieved before 15 March 2018, including 2414 with TCZ-IV and 1034 with TCZ-SC at baseline. All the registries contributed patients to both the TCZ-IV and TCZ-SC groups. Baseline demographics were similar between the groups, and there was no difference in the number of previous bDMARDs, but patients in the TCZ-IV group had more often methotrexate only than other csDMARDs or combination of csDMARDs and more severe baseline disease characteristics, including higher DAS28, HAQ, tender joint count (TJC), swollen joint count (SJC), ESR and CRP than patients treated with TCZ-SC (table 1) . There were more patients with higher levels of education in the TCZ-SC population. For patients with TCZ-SC, the majority had 162 mg every 2 weeks. Only 2 patients had TCZ-SC every 10 days, 2 every 3 weeks and 31 every month. For patients with TCZ-IV, the majority of patients had a dose of 8 mg/kg with 54 patients who had a dose of 4 mg/kg. The standard interval was every 4 weeks with one patient who had TCZ-IV every 2 weeks and two every 3 weeks. Patient characteristics of the sensitivity analysis are available in online supplementary tables S1 and S2. In the TCZ-SC2IV group comprising only 18 patients, they could not be included in the discontinuation and disease activity analyses, and the TCZ-IV2SC population could also not be included in the bootstrap analysis, including only 274 patients.
Crude median retention (figure 1) was 3.52 years (95% CI 3.22 to 3.85) for TCZ-IV and 2.12 years for TCZ-SC (95% CI 1.88 to 2.38). Crude retention was not significantly different between categories of BMI. In a country-stratified and year of treatment initiation-stratified, covariate-adjusted analysis, we found that hazards of discontinuation were similar among patients on TCZ-SC compared with patients on TCZ-IV (HR 0.93, 95% CI 0.80 to 1.09; table 2). Higher CDAI, higher HAQ and presence of GC at baseline were associated with greater risk of discontinuation; combination therapy with any csDMARDs, and in particular the combination of MTX or MTX and at least one other csDMARD, was associated with reduced risk of discontinuation, but not combination therapy of TCZ with other csDMARDs than MTX (table 2). The HR strongly swayed to 1 after stratification by year of treatment initiation, suggesting that this was the most important confounding factor linked to the difference in treatment discontinuation between TCZ-SC and TCZ-IV (online supplementary table S3). To explore this effect of year of treatment initiation, we added a post hoc analysis adjusting for calendar year (instead of stratifying) that showed increasing HR of discontinuation with more recent years (online supplementary table S3).
When looking at the year of prescription, there was a progressive increase in the use of TCZ-SC compared with TCZ-IV with more patients initiating TCZ-SC than TCZ-IV since 2015 (table 1, last rows). In the first sensitivity analysis taking only patients starting TCZ since 2014, the crude median retention was still higher in TCZ-IV, although the difference was less important (2.79 years, 95% CI 2.28 to 3.16 vs 2.01 years, 95% CI 1.80 to 2.27 for TCZ-SC) (online supplementary figure S1). After adjustment, the hazards of discontinuation were similar (HR 1.00, 95% CI 0.85 to 1.17). In this subset, absence of GC at baseline, co-therapy with MTX or MTX and at least another csDMARD at baseline were also associated with reduced risk of discontinuation. In the second sensitivity analysis, the crude median retention was still significantly higher between TCZ-IV only (3.12 years, 95% CI 2.76 to 3.47) and TCZ-SC only (2.12 years, 95% CI 1.89 to 2.38), and was even higher for TCZ-IV2SC (7.94 years, 95% CI 6.96 to NA, the upper endpoint of the 95% CI never reaching 50% of discontinuation) (online supplementary figure S2). After adjustment, the hazards of discontinuation when comparing TCZ-SC only to TCZ-IV only were not significantly different (HR 0.95, 95% CI 0.81 to 1.11 for TCZ-SC only). However, when comparing TCZ-IV-only patients to TCZ-IV2SC patients, hazards of discontinuation were still lower in the switching group (HR 0.65, 95% CI 0.56 to 0.76).
CDAI score and DAS28 decreased over time, faster initially before plateauing at around 2 years, for both modes of TCZ administration (figure 2, table 3 and  online supplementary table S4 ). The average adjusted CDAI (p=0.12) and its evolution (p=0.38) was not significantly different between groups and the difference of CDAI between baseline and 1 year was −6.08. The average adjusted DAS28 was slightly lower in the TCZ-SC group (−0.15, 95% CI −0.26 to −0.05, p=0.004), but its evolution RMD Open RMD Open RMD Open was not statistically different (p=0.16). Presence of GC, presence of a concomitant csDMARD, higher HAQ and higher ESR at baseline were associated with higher CDAI and DAS28 at any time during follow-up. Seropositivity was associated with a lower CDAI and DAS28 at any time during follow-up. Female gender was associated with higher DAS28 at any time during follow-up. The results were similar in the sensitivity analysis taking only patients starting TCZ since 2014 except that in the 2014 and after subset, the presence of concomitant csDMARD at baseline was no longer significantly associated with higher CDAI and DAS28 at any time during follow-up and that BMI was statistically associated with a slightly higher CDAI and DAS28 at any time during follow-up (data not shown). The average adjusted CDAI and its evolution also did not significantly differ between TCZ-IV only, TCZ-SC only, TCZ-IV only and TCZ-IV2SC. At 1 year, 1525 TCZ-IV and 524 TCZ-SC patients were still under treatment. Among them, 13.9% of TCZ-IV and 15.3% of TCZ-SC patients were in CDAI remission, 56.8% and 61.5% in CDAI not in remission but LDA, 56.6% and 63.4% in DAS28 remission, and 20.9% and 19.6% in DAS28 not in remission but LDA, respectively. There were no statistically significant differences in these responses rates between TCZ-SC and TCZ-IV except for the DAS28 remission, which was slightly higher in the TCZ-SC group (p=0.03), even after correction for attrition with the LUNDEX (figure 3, CDAI remission: 10.6% in TCZ-IV vs 11.1% in TCZ-SC (difference: 0.5%, bootstrap 95% CI −1.9% to 4.0%); CDAI LDA: 42.9% in TCZ-IV vs 44.5% in TCZ-SC (difference: 1.5%, bootstrap 95% CI −1.1% to 8.2%); DAS28 remission: 42.8% in TCZ-IV vs 45.8% in TCZ-SC (difference: 3.0%, bootstrap 95% CI 0.4 to 9.6); DAS28 LDA: 15.8% in TCZ-IV vs 14.2% in TCZ-SC (difference: −1.7%, bootstrap 95% CI −4.2 to 2.5)). After matching, there was no longer a significant difference of ESR and HAQ between the groups with 560 patients in each group (online supplementary table S5). From those, LUNDEX-corrected CDAI remission at 1 year in the matched population were not significantly different between TCZ-SC and TCZ-IV patients (CDAI remission: 10.4% in TCZ-IV vs 12.8% in TCZ-SC (difference: 2.4%, bootstrap 95% CI −2.1% to 7.6 %)), but CDAI LDA rates were higher in the TCZ-SC patients: 41.0% in TCZ-IV versus 49.1% in TCZ-SC (difference: 8.0%; bootstrap 95% CI 2.4% to 17.6%). The results were similar when including only patients since 2014, but CDAI LDA rates were not significantly different between TCZ-IV-only and TCZ-SC-only patients. CDAI remission and LDA rates were also similar between BMI categories, and there was no significant difference in the LUNDEX-corrected CDAI remission and LDA when comparing TCZ-IV and TCZ-SC by categories of BMI.
For TCZIV2SC patients, the median time to switch was 2.21 years, 95% CI 0.92 to 3.47, and the median time of follow-up after switch was 1.16 years, 95% CI 0.08 to 2.56. For TCZSC2IV patients, the median time to switch was 0.5 years, 95% CI 0.06 to 1.14, and the median time of follow-up after switch was 0.36 years, 95% CI 0.08 to 1.13. CDAI decreased from baseline until the patients switched to the other route of administration and continued to Rheumatoid arthritis Rheumatoid arthritis Rheumatoid arthritis In patients where the reason for stopping the drug was collected, 35% in TCZ-SC stopped for adverse events, 36% for ineffectiveness and 28% for other reasons (which may include a combination of reasons, pregnancy or remission). In the TCZ-IV group, more patients stopped for other reason (34%) and ineffectiveness (36%) than for adverse events (26%). However, the cause of treatment discontinuation was not provided in more than 50% of patients in each group (56% in TCZ-IV and 75% in TCZ-SC). dIsCussIOn Our study is the first to compare TCZ-SC versus TCZ-IV in a real-world RA population. The results show that even if the crude drug discontinuation rate was very different, after adjustment, drug retention and clinical effectiveness, as assessed by CDAI and DAS28 changes and responses, were similar between TCZ-SC and TCZ-IV. These data indicate that TCZ-SC is an adequate alternative to TCZ-IV and confirm previous results from clinical trials in a large observational setting. 6 7 To note, CDAI LDA was slightly higher in the TCZ-SC group.
Concerning the patient population, baseline demographic characteristics were very similar, but TCZ-IV patients had higher disease activity in terms of DAS28, HAQ, TJC, SJC, ESR and CRP. This may be linked to a channelling bias with TCZ-IV prescribed for more severe patients or to the fact that patients received TCZ-IV at an earlier period, when less alternatives were available and less accent was put on the treat-to-target strategy, 17 leading to overall higher disease activity. Despite these baseline characteristics' differences, the effectiveness was similar between TCZ-IV and TCZ-SC.
The difference in the crude retention between TCZ-SC and TCZ-IV was mainly associated to the treatment year of initiation. This important confounding effect of the calendar year has been described several times before in registries data and may be linked to the increased possibility of treatment or different expectations from the patients and physicians. [18] [19] [20] As described before in TCZ and other bDMARDs, we found that a higher HAQ and disease activity at baseline were associated with higher discontinuation. [19] [20] [21] Co-therapy with a csDMARD, especially MTX, was associated with a higher CDAI and DAS28 at any point during follow-up. This may be linked to a residual confounding RMD Open RMD Open RMD Open effect of severity, patients with co-therapy having higher parameters of disease activity and severity at baseline (higher DAS28, PGA, PhGA, TJC and number of previous bDMARDs).
In our cohort, seropositivity was associated to a lower CDAI at any time during follow-up. A higher remission rate has been described in RF-positive patients treated with TCZ, but this was not reproduced in ACPA-positive patients in another cohort. 22 23 Retention was higher with TCZ-IV2SC than TCZ-IV-only patients. Unfortunately, our data did not allow us to evaluate the reasons of switching between routes of delivery. It is possible that this reflects a selected population with better effectiveness, tolerance and compliance, who switched for practical reasons but were already considered as responders. These results are in line with two previous studies looking at patients switching from TCZ-IV to TCZ-SC. In the 84-week, open-label extension of the MUSASHI trial, 160 patients switched from TCZ-IV to TCZ-SC and efficacy was maintained after switch. 24 Another small trial with 57 Japanese patients did not find a change of efficacy after switching from TCZ-IV to TCZ-SC after a follow-up of 3 months. 25 However, our study is the first to evaluate switching from TCZ-IV to TCZ-SC in a large non-Japanese population. In the TCZ-SC2IV subgroup, the descriptive analysis of CDAI also showed a similar trend in efficacy before and after switch than other subgroups; however, the TCZ-SC2IV subgroup was too small and the duration of follow-up too short to draw any definitive conclusion.
As in previous studies, we did not find an effect of BMI on both TCZ formulations as assessed by drug retention or clinical effectiveness. [25] [26] [27] Our study has several limitations. Data quality of registries is often less thorough than in clinical trials. In particular, we do not have enough details on causes of discontinuation or switching to allow further analysis. We have also no data on adherence that may be different between the TCZ-IV and TCZ-SC. Adherence is reported to be lower with subcutaneous bDMARDs and more frequent dosing schedule. 28 29 Despite this, we did not find a difference in effectiveness when comparing TCZ-SC with TCZ-IV. Finally, we do not have data outside of the bDMARDs courses and thus could not explore other aspects as for example the rate of biologic-free remission between groups.
The strengths of this study is that we have a large population and number of covariates, a longer duration of follow-up and an observational setting which allow less strict inclusion criteria than in previous clinical trials who compared TCZ-SC with TCZ-IV.
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